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Abstract

Objective Rising rates of adolescent electronic cigarette (ECIG) use is concerning because it can

lead to adverse health outcomes and increased risk behavior. There are known predictors of ever

versus never ECIG use, but less are known about risk factors for ever versus current use of ECIGs.

Problem behavior theory (PBT) was used to evaluate possible risk factors for different ECIG use sta-

tus. Methods Participants were 573 high school students who completed questionnaires mea-

suring ECIG use, as well as constructs within the Social Environment, Perceived Environment,

Personality, and Behavior domains of PBT. Multinomial logistic regression was used to evaluate

how predictor variables differentiated between participants who reported (a) never use, (b) ever

ECIG use, or (c) current ECIG use. Results Adolescents were more likely to endorse ever ECIG use

than never use if they reported peer ECIG use, perceived more benefits and fewer costs (e.g., health) of

ECIG use, higher extraversion, alcohol and cigarette use (never vs. ever vs. past 30 days), or attended a

school with a higher percentage of socioeconomically disadvantaged students. Adolescents were

more likely to report current ECIG use than ever ECIG use if they perceived fewer costs of ECIG use or

used cannabis in their lifetime (yes/no). Conclusions PBT variables differentiated between ever

ECIG use and never ECIG use. However, these variables did not differentiate between ever and current

ECIG use. Identifying unique risk factors for current versus ever ECIG use is important to understand-

ing persistent ECIG use and subsequent targeted prevention and intervention programs.

Key words: tobacco use; adolescents; risk behavior; health behavior.

Introduction

Use of electronic cigarettes (ECIGs) among adolescents
rose dramatically over the past decade (Azagba et al.,
2020). This increase has raised concerns among
researchers and healthcare professionals about potential

adverse consequences, including nicotine dependence
(Lanza & Vasilenko, 2015), serious health problems
from inhaling chemicals (Rubinstein et al., 2018), initia-
tion of cigarette smoking (Vogel et al., 2019; Wills et al.,
2021), and use of illicit substances (East et al., 2018). To
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prevent and reduce ECIG use among adolescents, it is
imperative that researchers identify risk factors for initi-
ating and continuing to use ECIGs.

Adolescents who are susceptible to using ECIGs (i.e.,
not committed to abstaining from using ECIGs) have
greater odds of initiating ECIG use, as well as using an
ECIG within the past 30 days (Nicksic & Barnes, 2019).
Furthermore, youth who were susceptible to ECIG use
reported a number of risk factors, such as perceiving
more benefits (e.g., enhancing popularity) from using an
ECIG (Burnley et al., 2021; Margolis et al., 2021); being
more likely to use alcohol, tobacco, or cannabis;
experiencing psychological problems; or being exposed
to tobacco at home (Margolis et al., 2021; Sawdey et al.,
2019). Conversely, perceiving ECIGs as more harmful
appears to protect against ECIG susceptibility (Burnley
et al., 2021). These same factors (e.g., tobacco exposure,
peer use) also appear to relate to actual ECIG use.

When compared with adolescents who never used
an ECIG, those who ever (i.e., used an ECIG but not
within the past 30 days) or currently use an ECIG (i.e.,
use of an ECIG within the past 30 days) had more risk
factors (i.e., positive perceptions of ECIG, sensation
seeking, male gender, parents and peers who used
ECIGs) and fewer protective factors (i.e., perceiving
ECIGs as having more health and social costs; Case et
al., 2017; Mehra et al., 2019; Pokhrel et al., 2018;
Vogel et al., 2018). Despite such advances in under-
standing the risk factors for adolescent ECIG use,
there remain two important but understudied areas.

First, little is known about what variables differenti-
ate between ever and current ECIG use. Understanding
the risk factors for current versus ever ECIG use is im-
portant because more frequent ECIG use puts youth at
greater risk of initiating cigarette use (Bold et al., 2018)
and increases their exposure to nicotine and tobacco-
related toxicants relative to non-ECIG users
(Goniewicz et al., 2018). Differences in psychosocial
and behavioral risk factors by frequency of ECIG use
might be expected based on what has been reported for
cigarettes. For example, peer smoking is associated
with experimentation and more persistent smoking;
whereas parent smoking is associated with persistent
smoking but not experimentation (Chassin et al., 2000;
Costello et al., 2008). Similarly, Burnley et al. (2021)
demonstrated differences in perceptions of ECIG risks
and benefits between adolescents who were not suscep-
tible to ECIGs, susceptible to ECIGs, and had ever used
an ECIG. Understanding how risk and protective fac-
tors vary by ECIG use status (i.e., never vs. ever vs. cur-
rent) can lead to the development of more tailored, and
thereby more effective (Skov-Ettrup et al., 2014) cessa-
tion and prevention strategies.

Second, previous work focused primarily on iso-
lated sets of predictors of adolescent ECIG use.
Although there are well-established associations

among ECIG use and adolescent gender, ECIG expec-
tancies, use of other substances, and parent and peer
ECIG use, these predictors are typically investigated in
separate studies (Kong et al., 2017; Mehra et al.,
2019; Pokhrel et al., 2018). Fewer studies evaluated
how a combination of individual and interpersonal
factors influences ever and current ECIG use. Of the
research that has examined a more comprehensive set
of predictors of ECIG use patterns, findings indicated
that receiving one’s first ECIG from a family member,
greater nicotine content, and having a higher percent-
age of friends who use ECIGs were associated with in-
creased frequency of current ECIG use over and above
the influence of maternal education (Vogel et al.,
2018). Similar findings point to the contributions of
alcohol and cigarette use in predicting adolescents’
ECIG use over and above the influence of other
known predictors (e.g., academic achievement, family
structure, parental smoking; Kinnunen et al., 2018).
Although a range of individual and interpersonal fac-
tors predict ever and current use of ECIG among ado-
lescents, certain factors appear to be stronger
contributors when multiple predictors are included in
the same study. Thus, it remains unknown whether a
variety of risk factors differentially predict current use
of ECIGs compared with ever use among adolescents,
as many studies combined these groups into single
samples. To address this limitation, we grounded our
study in a theoretical framework that allows for the
incorporation of a multitude of risk and protective
factors.

Problem Behavior Theory (PBT; Jessor, 1991) is a
model of risk and protective factors related to deviant
adolescent behavior that may provide broader-based or
multi-factorial insight into the factors that differentiate
between adolescents’ ever and current use of ECIGs.
PBT’s five domains contain conceptually important
variables related to substance use: (a) Biology/Genetic
(e.g., family history of substance dependence), (b)
Social Environment (e.g., demographics), (c) Perceived
Environment (e.g., social norms and models), (d)
Personality (e.g., psychological and individual factors),
and (e) Behavior (e.g., substance use, academic perfor-
mance). Among adolescents, PBT has been used to
identify predictors of substance use (Donovan &
Molina, 2014; Racz et al., 2011). A recent study sug-
gested that PBT may also be better at explaining non-
illicit drug use (Alexander et al., 2018). Adolescent
ECIG use is associated with variables within the Social
Environment (e.g., gender, socioeconomic status [SES]
), Perceived Environment (e.g., parent and peer ECIG
use), and Behavior (e.g., cigarette, alcohol, cannabis
use) domains, as well as a narrow range of variables in
the Personality domain (e.g., sensation seeking, ECIG
expectancies). However, these variables are frequently
examined in isolation.
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This study aimed to identify PBT variables that dif-
ferentiate among ECIG use status (never, ever, current
use). Consistent with how e-cigarette (Walker et al.,
2020) and cigarette use (Villanti et al., 2011) are de-
fined in the broader literature, ECIG use status in this
study was defined as: (a) never used an ECIG (“never
users”), (b) used an ECIG at least once in their lifetime
but not in the past 30 days (“ever users”), and (c) used
an ECIG in the past 30 days (“current users”). The se-
lected variables purposely represent four of the five
PBT domains: Social Environment, Perceived
Environment, Personality, and Behavior. The Biology
domain was not included because risk and protective
factor from this domain (e.g., family history of sub-
stance use, intelligence) could not be assessed in a
valid manner in this study. Consistent with the extant
literature, it was hypothesized that higher levels of
risk factors (concurrent substance use, male gender,
sensation seeking, extraversion, perceived benefits of
ECIG use) and lower levels of protective factors (SES,
perceived costs of ECIG use, conscientiousness) would
increase the odds of being an ever user compared with
never user. Similarly, it was hypothesized that higher
levels of risk factors and lower levels of protective fac-
tors would increase the odds that an adolescent was a
current versus ever user.

Materials and Methods

Participants
From 2015 to 2017 a sample of 573 adolescents (Mage

¼ 15.98, SD ¼ 1.21, 59% female) were recruited from
four public high schools in West Virginia (Nwest ¼ 90;
Neast ¼ 240), Pennsylvania (N¼45), and Ohio
(N¼ 141) and from one adolescent medicine clinic in
West Virginia (N¼54). The average recruitment rate
was 41.01% (range ¼ 29.03–76.67%). The samples
represented 23.02% (WVwest), 12.99% (WVeast),
9.03% (OH), and 5.42% (PA) of the total student
body at each school, and 5.10% of the clinic popula-
tion. Adolescents, aged 13–18 years, were eligible if
they were enrolled in high school and spoke English.
Adolescents who could not independently complete
questionnaires per teacher or parent report were
excluded.

Procedure
The West Virginia University Institutional Review
Board, as well as school and clinic administrators, ap-
proved study procedures prior to data collection.

School Sites
Adolescents were recruited from health and psychol-
ogy classes across the four high schools. A snowball
recruitment method was used in which teachers were
asked to recommend other teachers who might allow

their class to participate in the study. Recruitment and
data collection in schools occurred across 2 days. At
the first visit, research staff described the study and
distributed invitation letters and consent forms for stu-
dents to take to their parents. Adolescents were
instructed to return consent forms regardless of their
decision to participate. Researchers returned to classes
5–7 days later to collect signed consent and assent
forms and to oversee completion of a questionnaire
packet during class that included (but was not limited
to) the measures described below. Adolescents who
returned consent forms, even if they chose not to par-
ticipate, were entered into a lottery to win one of ten
$20 gift cards. Those who participated were entered
into another lottery to win 1 of 50 $20 gift cards.

Clinic Site
Adolescent medicine clinic staff approached potential
participants and provided a brief study description. If
adolescents expressed interest, research team members
provided a detailed description of the study proce-
dures and its risks and benefits, and then obtained
written parental consent and adolescent assent.
Adolescents were seated away from their parents and
completed the same packet of questionnaires as used
in schools. Participants were also entered into the lot-
tery for adolescents who participated, but not the lot-
tery for returning consent forms because they
completed consent forms the same day.

Measures
Student Information Form
The study-specific Student Information Form assessed
demographic information, such as gender and SES.
However, because adolescents often are not fully
aware of family financial status, and consistent with
other adolescent ECIG studies (Jenson, 2018), a
school-level variable—percentage of students receiving
free/reduced price lunches (derived from the U.S.
Department of Education via the Civil Rights Data
Collection [U.S. Department of Education, 2015])—
was used as a more objective measure of SES.
Participant gender and SES were thought to belong to
the Social Environment domain of PBT.

Youth Risk Behavior Survey: Tobacco, E-Cigarette,
Alcohol, and Cannabis Use
The Youth Risk Behavior Survey (YRBS; Centers for
Disease Control and Prevention [CDC], 2015) is an
89-item questionnaire assessing health risk behaviors
in adolescents. This study administered only the to-
bacco, ECIG, alcohol, and cannabis sections from the
2015 version of the YRBS to obtain estimates of con-
current substance use, which were conceptualized as
belonging to the Behavior domain of PBT (Jessor,
1991). Participants were asked how often then used
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cigarettes, alcohol, and cannabis in the past 30 days
(ranging from 0 to all 30 days). However, a large pro-
portion of participants endorsed never using cigarettes
(74.3%), alcohol (43.4%), and cannabis (87.8%).
This presented issues when trying to conduct the sta-
tistical analyses, so it was decided to collapse groups.
Lifetime cannabis use was measured dichotomously
(yes/no). Alcohol and cigarette use were measured cat-
egorically with participants having (a) never used, (b)
used but not in the past 30 days, or (c) used in the past
30 days. Questions about peer (i.e., number of five
closest friends who had used an ECIG at least once)
and parent (yes/no) ECIG use was added; these data
were conceptualized as belonging to the Perceived
Environment domain of PBT. Finally, participants
responded to two questions asking (a) if they had tried
an ECIG in their lifetime, and (b) if they had used an
ECIG in the past 30 days. Responses to these two
items were combined to create 3 nonoverlapping cate-
gories of ECIG use: (a) Never used an ECIG (“never
users”), (b) Used an ECIG, but not in the past 30 days
(“ever users”), and (c) Used an ECIG in the past
30 days (“current users”). The YRBS is revised bienni-
ally, so psychometric data are not available for the
2015 version. However, studies support the test–retest
reliability (Brener et al., 2002) and convergent validity
(Brener et al., 2003) of past iterations of this measure.

E-Cigarette Expectancy Scale for Adolescents
The E-Cigarette Expectancy Scale for Adolescents
(EESA; Enlow et al., 2020) is a 39-item self-report sur-
vey in which adolescents rate their perceived likeli-
hood of certain outcomes if they used an ECIG on a
10-point Likert-type scale from 0 (completely un-
likely) to 9 (completely likely). Higher scores reflect
more perceived costs (e.g., physical, social) or benefits
(e.g., social, mood) of using an ECIG, respectively.
The EESA yields three subscales (Costs, Social
Benefits, and Affective Benefits) that demonstrated
convergent validity with ECIG use and conceptually
related variables (e.g., sensation-seeking, peer/parent
ECIG use) and possessed strong internal consistency
(a’s ¼ .88–.97). The EESA subscales were conceptual-
ized as belonging to the Personality domain of PBT.

Brief Sensation-Seeking Scale
The Brief Sensation-Seeking Scale (BSSS; Hoyle et al.,
2002) is an 8-item self-report questionnaire.
Adolescents indicated how much they agree with
statements such as “I like wild parties” using a 5-point
Likert-type scale from 1 (strongly disagree) to 5
(strongly agree). Scores were averaged to yield an
overall sensation-seeking score; higher scores indi-
cated more sensation-seeking. The BSSS demonstrated
acceptable internal consistency for the current sample

(a ¼ .77). The BSSS was thought to belong to the
Personality domain of PBT.

Mini International Personality Item Pool
The Mini International Personality Item Pool
(Donnellan et al., 2006) is a 20-item self-report ques-
tionnaire that measures five personality characteris-
tics: (a) Extraversion, (b) Agreeableness, (c)
Conscientiousness, (d) Neuroticism, and (e) Intellect/
Imagination. Adolescents indicate the accuracy of
statements such as “[I] am the life of the party” using
a 5-point Likert-type scale from 1 (very inaccurate) to
5 (very accurate). Responses were averaged to yield
five subscale scores, with higher scores indicated
greater levels of the respective personality trait.
Extraversion, Neuroticism, and Conscientiousness
personality traits are associated with cigarette use
(Munafo et al., 2007; Terracciano et al., 2008). The
Extraversion (a ¼ .81) and Conscientiousness (a ¼
.63) subscales were used in analyses and demonstrated
good and fair internal consistency, respectively. The
Neuroticism subscale demonstrated low internal con-
sistency with the current sample (a ¼ .45); thus, it was
excluded from analyses. Extraversion and conscien-
tiousness were thought to be long to the Personality
domain of PBT.

Statistical Analyses
Multinomial logistic regression was used to identify
variables from PBT that differentiate among ECIG use
status. The level of ECIG use was defined as: (a)
Never users, (b) Ever users, and (c) Current users. Due
to the dearth of literature differentiating between Ever
versus Never and Current ECIG use, we selected Ever
users as the reference group. Predictor variables
mapped onto the four PBT domains (Jessor, 1991):
Social Environment (participant gender, percent free/
reduced price lunches), Perceived Environment (peer
and parent use of ECIG), Personality (perceived costs
and benefits of ECIG use, extraversion, conscientious-
ness), and Behavior (participants’ reports of cigarette,
alcohol, and cannabis use). The Biology/Genetic do-
main was omitted because the data collection ap-
proach (i.e., adolescents completing measures) did not
provide confidence that adolescents could report on
relevant variables (e.g., family history of substance de-
pendence, personal intelligence) in a valid manner.

Results

Preliminary Analyses
Data Cleaning
Three participants were excluded from analyses due to
concerns about their responses to questionnaires (i.e.,
too brief in completion time; responses outside the
range of possible responses). Three additional
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participants were identified as multivariate outliers
and excluded. Fisher’s exact tests and independent
sample t-tests indicated that there were no statistically
significant differences between the participants who
were excluded from analyses and those who were
retained with regards to gender, race/ethnicity, year in
school, ever ECIG use, or age (p’s > .05). Data were
reviewed for missing values and to ensure data were
missing at random. A total of 15.4% (N¼88) of the
sample had missing data on at least one of the predic-
tor variables; across all predictors, the proportion of
participants with missing data ranged from 0.2% to
2.5%. Little’s MCAR test indicated data were missing
completely at random. Linear regression multiple im-
putation was used for independent variables with 1%
or more missing data. Twenty imputations were per-
formed based on Graham et al.’s (2007) guidelines,
which resulted in data from 556 participants being in-
cluded in analyses.

Descriptives
Descriptive statistics were computed for demographics
and predictor and outcome variables prior to imputa-
tion (Table I). The racial/ethnic composition of the
sample was generally representative of the schools and
clinic from which participants were recruited; how-
ever, the sample contained slightly more female teens
compared with the overall school populations
(Supplementary Table S1). Review of estimates of
skewness and kurtosis indicated that the distributions
of variables were within acceptable limits.

Between-State Comparisons
Prior to imputation, one-way analysis of variance and
Pearson’s Chi-Square were used to examine differences
in predictor and outcome variables as a function of par-
ticipants’ state of residence (OH, WV, and PA; Table I).
There were statistically significant differences in percent
of students receiving free/reduce price lunches (F[2,
554] ¼ 963.94, p < .001), perceived costs of using an
ECIG (F[2, 564]¼11.10, p< .001), and number of close
friends who had tried an ECIG (F[2, 561] ¼ 10.95, p
<.001). Pearson Chi-Square tests indicated that fewer
teens from OH were less likely to report that their parent
had used an ECIG compared with teens from WV or PA
(X2[2, N¼565] ¼ 15.86, p < .001). More adolescents
from OH said they never used a cigarette when com-
pared with adolescents from WV and PA (X2[2,
N¼ 565]¼ 18.50, p< .001). Finally, ECIG use differed
by state (X2[4, N¼ 564]¼22.59, p< .001). When com-
pared with teens from WV, fewer teens from OH were
ever users and current users. WhenCompared with teens
from PA, more teens from OH were never users than
current users. Due to these differences, state was entered
as a categorical covariate with OH as the reference
group.

Primary Analysis
Multiple imputation provides pooled estimates for in-
dividual parameters but not full model statistics;
therefore, model statistics from all 20 imputation
models are summarized. The full model demonstrated
good fit (X2[34] ¼ 499.81–503.99, all p’s < .001).
Review of the classification tables revealed that the
model correctly categorized 78.0–79.1% of partici-
pants. The model was better at categorizing never
users (94.1–94.7% correct) relative to current users
(60.6–64.6% correct) and ever users (45.3–47.9%
correct); however, the rates of correct classification
were better than chance (33%) for all groups.

Individual parameter estimates (Table II) were ex-
amined to identify predictors of ECIG use. With re-
spect to Social Environment, neither gender nor
percent of students receiving free/reduced price school
lunches differentiated between never versus ever, or
current versus ever, ECIG use. In the Perceived
Environment domain, peer ECIG use was associated
with greater odds of being an ever user versus never
user. Peer ECIG use did not differentiate between cur-
rent and ever ECIG use. Regarding the Personality do-
main, adolescents were more likely to be ever users
than never users if they rated themselves as more ex-
troverted. Adolescents who perceived fewer costs and
more affective benefits of ECIG were also more likely
to be ever users than never users, and current users
than ever users. For the Behavior domain, adolescents
were more likely to be ever users than never users if
they endorsed current or ever cigarette or alcohol use.
Current cigarette use and ever cannabis use were the
only statistically significant Behavior domain risk fac-
tor for current use versus ever use.

Discussion

This study examined how variables drawn from PBT
domains differentiated between never use, ever use,
and current use of ECIGs. Study hypotheses were par-
tially supported, as variables from all PBT domains
except the Social Environment differentiated between
never use and ever use of ECIGs. Variables from only
two domains differentiated between current and ever
ECIG use. Our findings suggest that there are unique
and shared predictors of ever and current ECIG use,
which have implications for prevention and cessation
interventions.

Social Environment
Contrary to initial hypotheses, neither SES nor gender
differentiated between never, ever, and current ECIG
use. The null finding for gender is consistent with
other literature suggesting that the gender gap in
ECIG use has narrowed (Kong et al., 2017).
Additionally, SES was measured at the school, rather
than individual, level. Other studies reporting
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associations between SES and ECIG use measured SES
at the individual (Simon et al., 2018) or neighborhood
level (Giovenco et al 2019). Therefore, individual- or
neighborhood-level SES may be more specific or sensi-
tive and thus a stronger determinant of ECIG use.
Additionally, factors not assessed in this study but in-
cluded in the Social Domain of PBT (neighborhood
problems, social cohesion; Jessor, 1991) have demon-
strated associations with ECIG use (Shih et al., 2017)
and may be important areas for future investigation.

Perceived Environment
Greater ECIG use among peers was associated with
greater odds of being an ever versus never ECIG user,
which is consistent with findings from previous studies
(e.g., Barrington-Trimis et al., 2016). However, peer
ECIG use did not differentiate between current and
ever ECIG use. This pattern of findings may be

because adolescents who use ECIGs, regardless of fre-
quency/quantity, are more likely to socialize with
other teens who also use ECIGs. Parent ECIG use was
also not related to ECIG use. The observed association
between peer ECIG use and ever ECIG use among
adolescents suggests that peers may exert a stronger
influence over adolescents’ decisions to try ECIGs
than parents do, which is consistent with the broader
literature on social influences on decision-making dur-
ing adolescence (Ciranka & van den Bos, 2020). The
association between peer ECIG use and ever use sug-
gests that smoking cessation and prevention programs
that incorporate peers, such as Peers Against Tobacco
(2019), may also be effective at preventing ECIG use.

Personality
Findings from this study reinforced the importance of
outcome expectancies as predictors of ECIG use

Table I. Percentages or Means and Standard Deviations of Key Study Variables

Full sample (N¼ 567) OH (N¼ 141) WV (N¼ 381) PA (N¼45)

Categorical variables % (N) % (N) % (N) % (N)
Gender (female) 59.0 (334) 56.74 (80) 60.63 (231) 51.11 (23)
Race/Ethnicity

White, Non-Hispanic 83.93 (470) 87.14 (122) 83.73 (314) 75.56 (34)
Black, Non-Hispanic 3.75 (21) 0.71 (1) 4.27 (16) 11.11 (4)
Asian, Non-Hispanic 4.29 (24) 5.71 (8) 3.73 (14) 4.44 (2)
Mulitracial, Non-Hispanic 5.18 (29) 2.84 (4) 5.6 (21) 8.89 (4)
Hispanic/Latino/a 1.96 (11) 1.43 (2) 2.13 (8) 2.22 (1)
Other 0.90 (5) 2.13 (3) 0.53 (2) 0.00 (0)

Parents ever used an ECIG (yes) 15.58 (88) 5.00 (7)a,b 18.95 (72) 20.00 (9)
Cigarette use

Never used 74.5 (420) 87.9 (124)a,b 70.4 (266) 66.78 (30)
Used, but not in past 30 days 17.7 (100) 7.8 (11)a 22.0 (83) 13.3 (6)
Used in past 30 days 7.8 (44) 4.3 (6)b 7.7 (29)c 20.0 (9)

Alcohol use
Never used 43.4 (246) 39.72 (56) 49.19 (176) 31.11 (14)
Used, but not in past 30 days 26.63 (151) 29.80 (42) 25.20 (96) 28.89 (13)
Used in past 30 days 30.00 (170) 30.50 (43) 28.60 (109) 40.00 (18)

Lifetime cannabis use (yes) 12.19 (69) 9.92 (14) 12.11 (49) 13.33 (6)
ECIG use

Never used 61.30 (346) 75.71 (106)a,b 57.78 (219) 46.67 (21)
Former use 21.10 (119) 13.57 (19) 24.01 (91) 20.00 (9)
Current use 17.60 (99) 10.71 (15)b 18.21 (69) 33.33 (15)

Continuous variables M (SD) M (SD) M (SD) M (SD)
Percent of Students Receiving Free/
Reduced Lunch

26.66 (14.94) 4.60 (0)a,b 33.00 (8.63)c 43.56 (1.63)

Number of 5 closest friends who tried
an ECIG

2.98 (1.91) 2.33 (1.78)a,b 3.15 (1.90) 3.38 (1.98)

Sensation seekingd 3.11 (0.71) 3.10 (0.71) 3.10 (0.71) 3.26 (0.68)
Costs (social, health) of ECIG usee 4.74 (2.60) 5.57 (2.22)a,b 4.53 (2.63) 3.90 (2.89)
Affective Benefits of ECIG usee 2.58 (1.92) 2.81 (1.70) 2.51 (1.96) 2.44 (2.18)
Social Benefits of ECIG usee 1.19 (1.55) 1.00 (1.13) 1.26 (1.63) 1.24 (1.97)
Extraversionf 3.13 (0.99) 3.26 (0.91) 3.08 (1.01) 3.13 (0.99)
Conscientiousnessf 3.41 (0.80) 3.41 (0.73) 3.41 (0.82) 3.32 (0.88)

aStatistically significant difference between OH and WV.
bStatistically significant difference between OH and PA.
cStatistically significant difference between WV and PA.
dHigher values indicate higher self-reported sensation-seeking; scale range 1–5.
eHigher values indicate more perceived benefits or costs of using an e-cigarette; scale range 1–5.
fHigher values indicate higher self-report of personality trait; scale range 1–5.
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(Barrington-Trimis et al., 2016; Pokhrel et al., 2018).
These results build upon the extant research by indi-
cating that individuals with more expected costs are
significantly more likely to be ever ECIG users than
current users (Pokhrel et al., 2014). Adolescents may
believe that more regular ECIG use will lead to nega-
tive consequences, but infrequent use will not.
Conversely, youth who perceive ECIG use as resulting
in affective benefits may use ECIGs more frequently to
achieve these benefits. Interventions that aim to pre-
vent or reduce ECIG use would benefit from educa-
tional components that highlight the costs of using
ECIGs, as well as also teaching emotion regulation
skills to help adolescents cope with stressors without
using ECIGs.

Neither sensation-seeking nor social benefits were
associated with ECIG use. In a previous regression
model, in which state was not entered as a covariate,
higher sensation-seeking was associated with greater
odds of ever ECIG use. However, this effect became
non-significant after controlling for state and the ef-
fect for sensation-seeking was relatively small.

Therefore, it may be that sensation-seeking was not a
strong enough predictor of ever ECIG use after ac-
counting for other predictors. The null finding regard-
ing social benefits is consistent with studies that
included ECIG expectancies in multivariate analyses
(Barker et al., 2019). It may be that the perceived so-
cial benefits of ECIG use are related to other variables,
such as peer ECIG use. For instance, adolescents may
perceive more social benefits if their peers use ECIGs
but fewer benefits if their peers do not. These null
findings stress the importance of evaluating multilevel
predictors of adolescent ECIG use within the same
study, as well as the effects of nested data.

A novel finding in this study was also that higher
levels of extraversion were associated with greater
odds of being an ever ECIG user, relative to a never
user. This reinforces the importance of personality in
relation to adolescent use of tobacco products
(Harakeh et al., 2006). Contrary to our original hy-
potheses, conscientiousness was not associated with
ECIG use. Teens that are more conscientious are
thought to be less likely to use substances because they

Table II. Multinomial Logistic Regression Predicting Levels of E-cigarette Use

Never vs. ever ECIG use Current vs. ever ECIG use

Wald (SE) OR (95% CI) Wald (SE) OR (95% CI)

Covariates
State

PAa 0.00 (1.09) 0.99 (0.12–8.35) 3.52 (1.08) 7.52 (0.91-61.85)
WVa 0.01 (0.77) 1.06 (0.24–4.78) 0.95 (0.80) 2.17 (0.46–10.31)

Social environment
Male gender (risk) 0.13 (0.34) 0.89 (0.46–1.72) 0.17 (0.32) 0.88 (0.46–1.65)
SES (protective)b 1.53 (0.02) 0.97 (0.93–1.02) 1.89 (0.02) 0.97 (0.93–1.01)

Perceived environment
Peer E-cigarette use (risk) 38.84 (0.10)*** 0.53 (0.43–0.64) 1.09 (0.11) 1.12 (0.91–1.38)
Parent E-cigarette usec (risk) 1.23 (0.43) 0.62 (0.26–1.45) 0.81 (0.37) 1.39 (0.68–2.85)

Personality
Sensation seeking (risk) 3.33 (0.27) 1.67 (0.97–2.87) 1.54 (0.30) 1.45 (0.81–2.62)
General costs

(social, health; protective)
12.75 (0.71)*** 1.29 (1.12–1.48) 9.07 (0.08)** 0.78 (0.67–0.92)

Affective Benefits (risk) 7.68 (0.12)** 0.72 (0.57–0.91) 5.90 (0.10)* 1.28 (1.05–1.57)
Social Benefits (risk) 0.02 (0.13) 1.02 (0.79–1.31) 0.87 (0.10) 0.91 (0.76–1.10)
Extraversion (risk) 8.58 (0.20)** 0.55 (0.37–0.82) 0.67 (0.19) 0.85 (0.59–1.24)
Conscientiousness (protective) 3.42 (0.21) 1.49 (0.98–2.26) 0.09 (0.21) 0.94 (0.62–1.43)

Behavior
Cigarette use (risk)

Current usec 4.69 (0.81)* 0.17 (0.36–0.85) 4.32 (0.50)* 2.81 (1.06–7.46)
Ever usec 20.52 (0.43)*** 0.14 (0.06–0.33) 0.20 (0.38) 1.06 (0.50–2.24)

Alcohol use (risk)
Current usec 7.47 (0.40)** 0.34 (0.16–0.74) 0.16 (0.47) 1.21 (0.48–3.01)
Ever usec 10.38 (0.46)** 0.23 (0.09–0.56) 0.14 (0.48) 0.83 (0.33–2.14)

Cannabis—ever use (risk)c 2.07 (0.63) 0.40 (0.12–1.39) 9.02 (0.38)** 3.15 (1.49–6.67)

Notes. Variables are identified as risk or protective factors in superscript.
aOH is the reference group.
bPercent of students receiving free/reduced price school lunches.
cNever use is the reference category.

*p < .05,
**p < .01,
***p < .001.
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are more likely to follow rules and social norms
(Jackson et al., 2010). Therefore, it may be that con-
scientiousness was not related to ECIG use because it
is considered to be a less deviant form of substance
use.

Behavior
Substance use behaviors were associated with ECIG
use (similar to Barrington-Trimis et al., 2016; Wills et
al., 2021). It is notable that the patterns of associa-
tions differed between never versus ever and current
versus ever ECIG use. Adolescents who ever or cur-
rently used alcohol or cigarettes had greater odds of
reporting that they had ever used an ECIG. However,
only current cigarette use was associated with greater
odds of being a current ECIG user. Interestingly, ado-
lescents’ cannabis use increased their risk for being a
current ECIG user compared with an ever ECIG user,
but it did not distinguish adolescents who were ever
ECIG users from those who have never used ECIGs.
This finding is consistent with other research that
demonstrates associations between ECIG and canna-
bis use within the past 30 days (Evans-Polce et al.,
2020) or past 6 months (Park et al., 2020). This co-
morbidity may be partially due to heritable influences,
which is also thought to explain overlaps in tobacco
and cannabis use (Verweij et al., 2010), common route
of administration via inhalation (Agrawal et al.,
2012), or the fact that early cannabis use may also in-
troduce adolescents to a peer group with more favor-
able attitudes towards smoking, thereby increasing
risk for current ECIG use (Agrawal et al., 2012).
Nevertheless, additional research is needed.

Limitations and Future Directions
Although this study provides valuable insight into the
factors that differentiate current ECIG users and ever
ECIG users using a PBT framework, results must be
considered in light of some limitations. The sample
was predominantly White, generally academically suc-
cessful, and recruited from one region of the United
States, which may limit generalizability. This study
utilized a cross-sectional, correlational design, which
limits the ability to make causal or directional infer-
ences and precluded the examination of direct and in-
direct effects of different variables. Future research
should utilize longitudinal data to examine the mecha-
nisms through which these associations occur. For in-
stance, adolescents’ personality may influence ECIG
use through social influences. All measures used
adolescent-reported data, which enhances the influ-
ence of shared method variance and social desirability
bias. It was also not possible to evaluate the full range
of responses to ECIG and substance use questions due
to small cell sizes, which limits our understanding of
how variables in the PBT model predict frequency of

ECIG use. Finally, adolescents may have under- or
over-reported substance use. However, efforts were
made to guard against social desirability (e.g., ensur-
ing confidentiality) and rates of ECIG use in this study
were comparable to other studies (Kann et al., 2018).
Future research should recruit nationally representa-
tive samples, use longitudinal designs, and employ a
multi-informant approach.

Conclusion

This study describes the important role of a compre-
hensive set of PBT variables as risk factors for ever
ECIG use. The findings also highlight the unique role
of the perceived costs and affective benefits of ECIG
use, as well as current cigarette and ever cannabis use
as risk factors for current ECIG use compared with
ever ECIG use among adolescents. Additional research
should examine these associations in more diverse
samples and using longitudinal designs. Current find-
ings can inform future research aimed at improving
screening of ECIG use, such as identifying expectan-
cies or other substance use behaviors that are predic-
tive of initiating or escalating ECIG use. Ascertaining
these unique predictors will also help distill specific
factors that should be incorporated into programs to
prevent ECIG initiation from those that should be in-
corporated into cessation interventions for current
ECIG users.
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